Repair and biochemical effects of DNA-protein crosslinks.
Genomic DNA is associated with various structural, regulatory, and transaction proteins. The dynamic and reversible association between proteins and DNA ensures the accurate expression and propagation of genetic information. However, various endogenous, environmental, and chemotherapeutic agents induce DNA-protein crosslinks (DPCs), and hence covalently trap proteins on DNA. Since DPCs are extremely large compared to conventional DNA lesions, they probably impair many aspects of DNA transactions such as replication, transcription, and repair due to steric hindrance. Recent genetic and biochemical studies have shed light on the elaborate molecular mechanism by which cells repair or tolerate DPCs. This review summarizes the current knowledge regarding the repair and biochemical effects of the most ubiquitous form of DPCs, which are associated with no flanked DNA strand breaks. In bacteria small DPCs are eliminated by nucleotide excision repair (NER), whereas oversized DPCs are processed by RecBCD-dependent homologous recombination (HR). NER does not participate in the repair of DPCs in mammalian cells, since the upper size limit of DPCs amenable to mammalian NER is smaller than that of bacterial NER. Thus, DPCs are processed exclusively by HR. The reactivation of the stalled replication fork at DPCs by HR seems to involve fork breakage in mammalian cells but not in bacterial cells. In addition, recent proteomic studies have identified the numbers of proteins in DPCs induced by environmental and chemotherapeutic agents. However, it remains largely elusive how DPCs affect replication and transcription at the molecular level. Considering the extremely large nature of DPCs, it is possible that they impede the progression of replication and transcription machineries by mechanisms different from those for conventional DNA lesions. This might also be true for the DNA damage response and signaling mechanism.